Ghana ranks among the countries most affected by glaucoma in the world. It is estimated that 700,000 people in Ghana are affected by glaucoma, out of which 60,000 people are already blind. In recent years, there has been a growing concern that anti-glaucoma medications listed on the country's health insurance medicines list are not adequate to manage the disease. This has led to calls from different stakeholders for prostaglandin analogues to be added to the medicines list. However, the cost-effectiveness of this medication is yet to be established. The objective of this study, therefore, was to establish the costeffectiveness of prostaglandin analogues as first-line medication for treating primary open angle glaucoma in Ghana. A Markov Model was constructed to assess the life-time cost-effectiveness of treating a hypothetical cohort of one thousand 55-year-old POAG patients with prostaglandin analogues compared to beta blockers. The effect of parameter uncertainty on cost-effectiveness was explored through one-way, two-way, and probabilistic sensitivity analyses. Compared to beta blockers, prostaglandin analogues resulted in an incremental cost-effectiveness ratio (ICER) of USD 11,600; based on an estimated incremental gain of 105 quality-adjusted life years (QALYs), at an additional cost of USD 1,222,400. The ICER was not sensitive to the age of the cohort, the cost of prostaglandin analogues, or the probability of developing asthma. However, the ICER was sensitive to the age of the cohort and the cost of prostaglandin analogues when varied simultaneously. Given the existing evidence, prostaglandin analogue is not a cost-effective alternative to beta blockers as a first-line treatment for POAG in Ghana. The study, however, shows that further research to reduce decision uncertainty would be necessary if expected cost of research does not exceed USD 131 billion.
Introduction
Ghana ranks among the countries most affected by glaucoma in the world [1] [2]. A recent estimate of the number of people affected by glaucoma worldwide suggested that, by 2020 there will be approximately 80 million people living with the disease, of which 11 million will be bilaterally blind [3] . In Ghana, glaucoma is estimated to account for approximately 21% of all cases of blindness [4] . It is estimated that 700,000 people in Ghana are affected by glaucoma, out of which 60,000 people are already blind [5] . Studies on incidence of glaucoma in Ghana, and Africa in general, are hard to find. Cook [6] estimated the annual incidence of glaucoma in Africa at 0.04% (i.e. 400 new cases for every 1 million population). Thus, considering Ghana's population of 27.41 million, the annual incidence of glaucoma can be estimated to be 10,964 per year. Glaucoma, with the resulting blindness, is a burden not only to patients, but to the entire society. To patients, the burden takes the form of pain and loss of function. It is also a burden to society in terms of resources used for treatment of patients, and productivity loss due to permanent disability associated with the disease.
"Glaucoma is a group of disorders, principally optic neuropathy resulting from cupping and atrophy of the optic nerve head leading to visual loss and blindness" [7] . Glaucoma is often associated with increased intraocular pressure (IOP) in the eye [8] . The higher the IOP, the greater the risk of visual loss [8] .
IOP is measured in millimetres of mercury (mmHg). In anti-glaucoma therapy, an IOP between 19 mmHg and 22 mmHg is considered to be the safest for patients, although there is no single IOP level that is safe for every patient [7] [9] . Diagnostically, visual field loss is the most specific sign of glaucoma [7] [10] . The visual field is the portion of an individual's surroundings that can be seen at any given point in time [11] . Visual field is measured in decibels (dB) [12] [13] .
Lower dB values represent lower retinal sensitivity, while higher dB values represent higher retinal sensitivity [13] . There are various types of glaucoma, but the commonest in Ghana is Primary Open Angle Glaucoma (POAG) [8] . Blindness from glaucoma is irreversible; treatment for glaucoma is, therefore, meant to reduce the risk of progression [14] . IOP is an important modifiable risk factor for glaucoma [15] . It has been proven that lowering IOP reduces progression of visual field loss in glaucoma [14] [15] .
The main interventions for treating glaucoma are medications, laser therapy, and surgery [15] . The aim of glaucoma treatment, often, is to achieve a pressure reduction of at least 30% from the initial IOP [9] . There are five main classes of anti-glaucoma medications: prostaglandin analogues, beta blockers, carbonic [17] . The act also established the National Health Insurance Authority (NHIA), which regulates all health insurance schemes in the country [18] . As part of its mandate to regulate the health insurance schemes in Ghana, the NHIA has listed several anti-glaucoma medications to the health care needs of its registered clients. The NHIS medicines list includes medications extracted from all the classes of anti-glaucoma medications except prostaglandin analogues, although prostaglandin analogues are proven to be more effective [7] . This is probably because, generally, prostaglandin analogues cost more than medications from the other classes. In recent years, there has been a growing concern that the anti-glaucoma medications listed on the country's National Health Insurance medicines list are not adequate to manage the disease. Many stakeholders have suggested that the NHIA should review the anti-glaucoma medications on the NHIS medicines list to include more medications. In their study to establish the "efficacy of NHISlisted anti-glaucoma medications in the management of primary open-angle glaucoma in Ghana", Koffour et al. [7] , observed that the NHIS-listed antiglaucoma medications were not adequate in the management of POAG. The authors found that prostaglandin analogues, which were not listed by the NHIA, was more efficacious than the NHIS-listed medications. They, therefore, suggested that prostaglandin analogues, particularly latanoprost, be added to the NHIS list. A similar suggestion was made by the authors of the Ghana Eye Health System Assessment Report 2013 [1] . However, the cost-effectiveness of this medication has not yet been established. The aim of this study, therefore, was to establish the cost-effectiveness of prostaglandin analogue as a first-line medication for the management of POAG in Ghana. Currently, the main firstline anti-glaucoma medications used in Ghana are beta blockers and prostaglandin analogues (expert opinion). Thus, the study compares prostaglandin analogues to beta blockers.
Studies on glaucoma in Ghana are very scanty. Koffour et al. [7] established the efficacy of anti-glaucoma medications in Ghana, but did not account for their costs. Wittenborn and Rein [19] also compared the Cost-effectiveness of glaucoma interventions in Barbados and Ghana. However, the authors did not establish the cost-effectiveness between different ant-glaucoma medications. Thus, studies that establish the cost-effectiveness of anti-glaucoma medications in Ghana are almost non-existent. It is this gap that the current study seeks to fill.
The primary question that this study seeks to answer is: Is prostaglandin analogue a cost-effective first-line treatment for primary open angle glaucoma in Ghana?
Ghana is a country in West Africa. The World Bank estimates Ghana's population at 27.41 million [20] . According to the World Health Organization Health care needs are insatiable, but the resources to meet these needs are always limited. It is, therefore, imperative to prioritize health care needs to get the most out of the limited resources. Findings from this study will, therefore, help Ghana's National Health Insurance Authority to make informed decision as to whether prostaglandin analogous can be adopted as a cost-effective first-line treatment for POAG in Ghana or not. Besides, the study will provide a relevant framework for future studies on glaucoma treatment costs and health gains,
given that such studies are lacking in Ghana. Figure 1 .
Methods and Data

Markov Model
The cycle length was set at 2 months as this was thought to be the minimum time after which a change in treatment could occur (expert opinion). All the probabilities, costs and health utilities were, therefore, converted to reflect the two-month values. The conversion of yearly probabilities to two-month probabilities involved two steps. First, the annual probability was converted to two-month rate using Equation (1).
( )
where r = rate, p = probability, t = period of interest
The two-month rate was then converted to two-month probability by rearranging Equation (1).
Baseline Probability of Progression
A search was conducted for studies reporting the probability for progression from one POAG stage to the next. Specifically, the search was to identify studies that reported the probability of progression from Early to Moderate POAG in , were employed in this study, because they cover all the relevant POAG stages. The annual probabilities were converted to two-month probabilities using Equations (1) and Equation (2) as shown in Table 2 .
Treatment Effects
Patients diagnosed with POAG could be treated either with beta-blockers or a prostaglandin analogues as first-line treatment. The main treatment effect considered was a change in risk of progression to the next POAG stages. However, the most commonly reported treatment outcome in literature is the change in intraocular pressure (IOP). Data on reduction in IOP from baseline due to each treatment was derived from the National Collaborating Centre for Acute Care (UK) [16] (Appendix 1). This was done because the data presented by the National Collaborating Centre for Acute Care was based on rigorous search for systematic reviews of clinical effectiveness of treatments in POAG patients. Conversion of a change in IOP to a change in probability of progression involved two steps. First the change in IOP (i.e. mean reduction in IOP) associated with each intervention was multiplied by the percentage reduction in progression per 1 mmHg reduction in IOP to obtain the effectiveness of the intervention using Equation (3) . Percentage reduction in progression per 1 mmHg reduction in IOP was taken from Leske et al. [26] , who found that a 1 mmHg reduction in IOP is associated with 8% decrease in progression from one POAG 
where: Eff i = Effectiveness of intervention i ∆IOP i = change in IOP associated with intervention i ∆P = percentage change in progression associated with 1 mmHg change in IOP i = beta blockers, prostaglandin analogues Subsequently, the baseline probability of progression without treatment was adjusted by the effectiveness of the respective treatment to obtain the probability of progression after treatment using Equation (4).
where: TP i = Transition probability associated with intervention i BPu = Baseline transition probability in untreated patients
A ratio between the probability of progression associated with prostaglandin analogues and that of beta blockers gave a relative risk of 0.843. The probabilities are shown in Table 3 .
The probabilities in Table 3 were used only in early POAG. Once a patient progressed from early POAG, the baseline probability in treated patients for the respective stage was used ( Table 2 ). The transition probabilities for nonspecific treatments were used, because after progression any new treatment could be introduced.
Some treatments for glaucoma could cause adverse events. "Nevertheless, not all of them result in important increased costs or reduced quality of life" [16] .
Asthma (associated with beta blockers) was the only complication considered in the model, because, as far as medical treatment is concerned, asthma is the only known complication with a considerable impact on costs and quality of life [16] .
Probability of developing asthma after use of beta blockers was taken from a prospective cohort study [27] . The authors compared the difference in respiratory disease in 2645 patients treated with beta blockers to a control group of 9094 patients who were not exposed to beta blockers. After 12 months, it was E. Takyi observed that patients who were treated with beta blockers were 3.3% more likely to develop reversible airways obstruction than those who were not exposed.
This translates into a two-month probability of 0.6%. The study, however,
showed that the risk of respiratory problems was no longer significant after the first year of exposure. Hence the probability of developing asthma was used in the model only within the first year.
Probabilities of death were obtained from 2013 life Appendix 2) . Life expectancy in patients with POAG was assumed to be the same as the general population in Ghana. Similarly, life expectancy in POAG patients who develop asthma due to the use of beta blockers was assumed to be the same as that of the general population in Ghana. The key parameters used in the model are summarized in Table 4 .
Treatment Outcomes
Health gain was measured in terms of quality-adjusted life-years (QALYs).
Health utilities for the health states used in the model were obtained from literature. Except for asthma, all adverse events were assumed to be negligible in terms of quality of life since, according to the National Collaborating Centre for Gestel et al. [29] could not be used because the authors did not employ the staging classification being used in this study. Similarly, Béchetoille et al. [30] could not be used, because the authors did not report the overall health related quality of life (HRQoL) for the stages; rather HRQoL was reported per different health domains. The HRQoL reported by National Collaborating Centre for Acute Care (UK) [16] , which followed the same staging classification as adopted in this study, were therefore used. The National Collaborating Centre for Acute Care (UK) estimated the health utilities from Rein, Wirth, Johnson, and Lee [31] , who applied utilities for visual acuity to each category of visual field loss using data obtained from Brown, Brown, Sharma, and Landy [32] . The original data was based on EQ-5D. [34] , since it is more current. I therefore assumed that treated asthma symptoms reduce quality of life by 0.14 over one year. Health utilities used in the model are summarized in Table 4 .
E. Takyi
For each strategy, the expected health benefits were calculated by estimating the health effects for each POAG stage and then multiplying them by the proportion of patients who would be in that stage as determined by the strategy taken. The expected health benefit per the cohort in each cycle was calculated using Equation (5).
( )
Expected Health Benefit
where:
Q i = health utility of stage i P i = proportion of patients in the stage i i = early POAG, moderate POAG, advanced POAG, severe visual impairment
The proportion of patients in each POAG stage depends on the magnitude of the progression reduction of the treatment and on the proportion of patients still alive per the mortality rate for the general population of Ghana.
Costs
The study adopted the health care provider's perspective. This was because the study was meant to inform the NHIA of Ghana, whose responsibility is limited to the costs incurred by the health care provider in providing services to NHIS card holders. All costs used in the model were estimated using a bottom-up approach. Follow-up costs were not considered in the model. Where the primary interest is incremental cost, as is the case when comparing the introduction of a new intervention against an existing intervention, costs that remain approximately the same for each alternative being considered can be ignored [35] [36]
[37]. This is because such costs will not affect the choice between the given alternatives [35] [37]. All glaucoma patients in Ghana are followed up every two months, except a few patients whose IOP levels are exceptionally too high, or who develop intolerance to treatment before their next appointment date (expert opinion). Besides, follow-up procedures are the same for all glaucoma patients in Ghana, irrespective of their level of the disease. Hence, I assumed that follow-up cost is the same for both the intervention group and the comparator group.
Since my primary interest is incremental cost, I decided not to include the follow-up cost.
Costs of all medicines were obtained from Ghana's NHIS medicines list for 2016 [38] , except the cost of latanoprost which was not covered by the NHIS.
Cost of latanoprost was taken as an average of the retail prices quoted by some leading pharmaceutical companies in Ghana. Two versions of latanoprost are used in Ghana, namely branded latanaprost (Xalatan) and generic latanoprost.
The costs of these two versions were averaged. They are costs that arise before progression from early POAG stage. As already mentioned, the model primarily compares the first-line anti-glaucoma medications used in Ghana (i.e. beta blockers and prostaglandin analogues). Hence, early POAG costs are those costs directly associated with either beta blockers or prostaglandin analogues as a mono therapy.
When mono-therapy fails to significantly lower IOP, combination therapy is sought for [7] . I assumed that all patients who progressed beyond early POAG were given combination therapies. Koffuor et al. [7] observed that, in Ghana, a POAG patient could be given up to four-medication combination therapies, depending on the severity of the disease and patients' tolerance to medication.
However, the number of patients on four-medication combination therapy, as reported in their study, was almost insignificant. Therefore, I assumed that patients at moderate and advanced POAG stages are put on two-medication and three-medication combination therapies respectively. Besides, at both moderate and advanced POAG stages, a patient can undergo surgery (trabeculectomy).
Although some patients undergo laser trabeculoplasty, the practice is not common in Ghana (expert opinion). This option was, therefore, ignored. It was assumed (based on expert opinion) that 10% of patients with severe visual impairment are given timolol to ease the pain in the affected eye; the remaining is not given further treatment.
All adverse events, except asthma, were assumed to be negligible in terms of costs. The cost of treating asthma was estimated based on the Standard Treatment Guidelines of Ghana [8] . I assumed that no additional follow-up cost was associated with the change in treatment due to asthma.
The key cost inputs used in the model are summarized in Table 4 . For each strategy, the expected cost per the cohort in each cycle was calculated using Equation (6).
( )
Expected cost
C i = cost of stage i P i = proportion of patients in the stage i 
Analyses
The cost-effectiveness analysis was conducted using Microsoft Excel 2016. All future costs and QALYs were discounted at the rate of 3 percent per annum in line with Global Burden of Disease [41] , using Equation (7).
where: PV = Present value FV = Future value r = Discount rate n = Number of periods under consideration
Costs and health outcomes were corrected for continuity. This was done by dividing the costs and health outcomes of the first and the last cycles by 2, as shown in Equation (8). 
where A = total cost, total health effect.
The overall lifetime expected health benefit of each intervention is given by the sum of health benefits calculated for all the cycles. Since each cycle represented 2 months, the overall lifetime expected health benefit was divided by 6 to get the overall lifetime QALYs. The incremental QALY (∆E) associated with prostaglandin analogues was calculated as the difference between the expected QALY gained with prostaglandin analogues and the expected QALY gained with the comparator (beta blockers).
Similarly, the overall lifetime expected cost of each intervention is given by the sum of costs calculated for all the cycles. The incremental cost (∆C) associated with prostaglandin analogues was calculated as the difference between the expected cost with prostaglandin analogues and the expected cost with beta blockers.
Incremental Cost-Effectiveness Ratio (ICER)
The result of cost-utility analysis was expressed as incremental cost-effectiveness ratio (ICER), i.e. the ratio of incremental costs (∆C) to incremental effects (∆E) brought about by prostaglandin analogues compared to beta blockers. Thus, the numerator of the ICER is the difference in cost between patients in the intervention group and those in the comparator group, while the denominator is the difference in health outcomes (QALYs) between patients in the intervention group and those in the comparator group. The ICER is defined by Equation (9) .
where: 
∆E = incremental effect
To determine whether, or not, prostaglandin analogues was cost-effective, the resulting ICER was compared to the society's willingness-to-pay threshold (λ).
Prostaglandin analogue would be cost-effective only if the ICER was less than the willingness-to-pay threshold (i.e. ∆C/∆E < λ).
The willingness-to-pay threshold for Ghana was set to be equal to three times the country's GDP per capita. Ghana's GDP per capita for 2015, according to the World Bank [20] was USD 1381.40. Hence, the willingness-to-pay threshold equals USD 4144.20 (≈USD 4,100).
Sensitivity Analyses
Sensitivity analyses were performed to assess the robustness of the model results against the imprecision in the model parameters. Almost all parameters used in the model were estimates; there is uncertainty surrounding their true values. The purpose of sensitivity analyses was to capture this uncertainty in the model.
One-way, two-way, and probabilistic sensitivity analyses were performed.
One-way sensitivity analysis was performed on probability of developing asthma, age of the cohort, and cost of latanoprost. I found that costs and QALYs in the comparator could be significantly influenced by asthma. For this reason, I
conducted a one-way sensitivity analysis on the probability of developing asthma. In the base-case model, the annual probability of developing asthma in patients using beta blockers was set to be 3.3%. However, in the sensitivity analysis the probability was varied between 0 and 6%. Age largely influences longevity.
The age at which the cohort entered the model would, therefore, determine how long the patients would live to benefit from the intervention. If the cohort dies out too quickly, the full effect of the intervention may not be realized. One-way sensitivity analysis was, therefore, performed on the age of the cohort to determine how varying the age of the cohort would affect the results. In the base-case analysis, the age of the cohort was set at 55 years. However, in the sensitivity analysis, the age of the cohort was varied between 30 years and 75 years. I also performed one-way sensitivity analysis on the cost of prostaglandin analogues (i.e. latanoprost). This was because the disparity between the cost of generic latanoprost and branded latanoprost (Xalatan) was very wide. In the base-case model, the cost per bottle of prostaglandin analogues was estimated at USD 25.77 (reflecting the mean cost of generic latanoprost and Xalatan). In the sensitivity analysis, however, the cost was varied from USD 13.00 (corresponding to the cost per bottle of generic latanoprost) to USD 39.00 (corresponding to the cost per bottle of Xalatan). A two-way sensitivity analysis was also performed to ascertain the combining effect of the age of the cohort and the cost of prostaglandin analogues on the results.
In the probabilistic sensitivity analysis (PSA), probability distributions were assigned to each model parameter where there was some degree of parameter variability. The main results were then re-calculated 1000 times; each time all the E. Takyi model parameters were set simultaneously, selecting from the respective parameter distribution at random. The decision uncertainty was represented by plotting a cost-effectiveness plane, a cost-effectiveness acceptability curve (CEAC), and a cost-effectiveness acceptability frontier (CEAF).
Expected Value of Perfect Information (EVPI)
Considering the uncertainty surrounding the results, it became imperative to establish whether it was worthy, or not, to gather more evidence. The EVPI was estimated directly from the results of the PSA. The EVPI is the difference between the expected net benefit with perfect information and that of current information. The EVPI was estimated using the following steps. First, the average overall net monetary benefits (NMBs) from the 1000 simulations for each intervention were calculated. With current information, the optimal decision is the intervention with the maximum expected net benefit. Afterwards, the maximum of the net benefits between the two interventions for each simulation were chosen, summed up and averaged to get the expected net benefit of a decision with perfect information. The EVPI was then estimated as the difference between the expected net benefit with perfect information and the expected net benefit with current information. The EVPI thus estimated was for a single individual.
To decide whether to invest in additional research or not, the size of the population that is expected to benefit from the new intervention and the relevant time horizon of the new intervention must be taken into account [42] . The incidence of glaucoma in Ghana was estimated at 10,964 per annum. It was assumed that 192,000 people currently living with glaucoma in Ghana (approximately 27.5% of the estimated prevalence of 700000) would also be eligible for the new intervention. It was further assumed that prostaglandin analogues would be useful for 10 years. Population EVPI was calculated as the product of the individual EVPI and the total number of people who are expected to benefit from the intervention (Equation (10)). Incidence associated with future years was discounted at the rate of 3%. 
T = expected lifetime of the new intervention I t = estimated incidence of the disease over the period r = discount rate Population EVPI estimates were calculated over a cost-effectiveness threshold range of USD 0 to USD 60,100 per QALY. As a decision rule, further research is potentially cost-effective if population EVPI exceeds the expected cost of additional research at any given threshold.
Results
Base-Case Cost-Effectiveness Analysis Results
The expected cost of treating 1000 patient with prostaglandin analogues (USD per QALY gained (Table 5 ).
This implies that that if we choose prostaglandin analogues as first line treatment for POAG patients in Ghana instead of beta blockers, we would gain additional QALYs at an additional cost of USD 11,600 per each QALY gained. The ICER is greater than three times the GDP per capita of Ghana (USD 4,100). This implies that prostaglandin analogue is not a cost-effective first-line medication for the treatment of POAG in Ghana.
Sensitivity Analyses
In the one-way sensitivity analysis, the ICER was not sensitive to the probability of developing asthma after the use of beta blockers (Appendix 4). Similarly, the ICER was neither sensitive to the age of the cohort nor the cost of prostaglandin analogues (Appendix 5 & Appendix 6). In the two-way sensitivity analysis, however, the ICER was sensitive to the age of the cohort and the cost of prostaglandin analogues when varied simultaneously. When the age of the cohort was set at 41 years, and the cost of prostaglandin analogues at USD 13.00, prostaglandin analogues became cost-effective (Appendix 7). This implies that, generic Results from the probabilistic sensitivity analysis were presented using a costeffectiveness plane, a cost-effectiveness acceptability curve (CEAC), and a costeffectiveness acceptability frontier (CEAF).
The cost-effectiveness plane (Figure 2 A new intervention is more effective and more costly if it is located in the NE quadrant, while a new intervention that is located in the SW quadrant is less effective and less costly.
In the cost-effectiveness plane, 977 (almost 98%) of the cost-effectiveness pairs are concentrated on the northeast and northwest quadrants. This suggests that prostaglandin analogue is more costly than beta blockers, although this cannot be said with 100% certainty. The locations of the ICER points on the cost-effectiveness plane, however, makes it highly uncertain to tell whether prostaglandin analogue is more effective than beta blockers: 41% fell in the northwest and southwest quadrants, while 59% fell in the northeast and southeast quadrants.
In the cost-effectiveness acceptability curve (CEAC), presented in Figure 3 , the y-axis indicates the probability that prostaglandin analogue is cost-effective compared to beta blockers, given a range of willingness-to-pay threshold values (on the x-axis). At a willingness-to-pay threshold of USD 0 per QALY gained, the probability of prostaglandin analogues being cost-effective compared to beta blockers was 0.02. The CEAC, however, shows that the probability of prostaglandin analogues being cost-effective increases as the willingness to pay for additional QALYs increases. When the willingness-to-pay threshold increases to USD 4,100, the probability of prostaglandin analogue being cost-effective compared to beta blockers increases to 0.27. At the same willingness-to-pay threshold, the probability of beta blockers being cost-effective was 0.73. This seems to suggest that prostaglandin analogue is not cost-effective compared to beta blockers. However, this cannot be said with absolute certainty since the probability of prostaglandin analogue being cost-effective is greater than 0.
The cost-effectiveness acceptability frontier (CEAF) in Figure 4 indicates the probability that the alternative with the highest net-benefit will be cost-effective. Hence the decision uncertainty (or error probability) is 1 minus the value of the frontier. Like the CEAC, the CEAF shows that, at the willingness to pay threshold of USD 4100, the comparator (beta blockers) is cost-effective. The proba- bility of beta blockers being cost-effective is 0.73 with error probability of 0.27. Figure 5 shows population EVPI for a range of willingness-to-pay threshold values between USD 0 and USD 60,100. Given a willingness to pay threshold of USD 4100, the population EVPI is USD 131 billion. This implies that further research would be potentially cost-effective if expected cost of further research is less than USD 131 billion. Beyond this value, further research is not worthwhile.
Expected Value of Perfect Information (EVPI)
Discussion
There has been a growing concern in Ghana, recently, that anti-glaucoma medi-E. Takyi 
Cost-Utility Analysis
Results from this study indicate that prostaglandin analogue is more effective, but also more costly, compared to beta blockers. The results also show that prostaglandin analogue is not a cost-effective alternative to beta blockers as a first-line medication for primary open angle glaucoma in Ghana, given the current economic situation of the country. A two-way sensitivity analysis on the age of the cohort and the cost of prostaglandin analogues (latanoprost), however,
showed that generic latanoprost could be cost-effective for treating primary open angle glaucoma patients 41 years and below. This finding, especially with respect to age, seems to suggest that the full benefit of prostaglandin analogues can only be observed in the long run. Thus, even at USD 13.00 per bottle, prostaglandin analogue was not cost-effective for the cohort used in the base-case E. Takyi analysis (55 years) because the cohort had a higher probability of death, and therefore died out too quickly to benefit fully from the intervention. However, it became cost-effective for a younger cohort (41 years and below), with a lower probability of death.
The probabilistic sensitivity analysis reveals some level of uncertainty surrounding the results of the cost-effectiveness analysis. Results from EVPI suggest that further evidence would be necessary to reduce decision uncertainty provided that the expected cost of further research does not exceed USD 131 billion.
Related Studies
There are several studies that seek to establish the cost-effectiveness of treatment interventions for glaucoma. However, studies that compare different anti-glaucoma medications are limited. In Ghana, economic evaluation studies on glaucoma treatment are very scanty. Kuffuor et al. [7] , who established the efficacy of anti-glaucoma medications in Ghana, did not account for their costs. Wittenborn & Rein [19] also compared the cost-effectiveness of glaucoma interventions in Barbados and Ghana, but did not consider the cost-effectiveness between different ant-glaucoma medications. Thus, studies that establish the cost-effectiveness of anti-glaucoma medications in Ghana are almost non-existent. As far as I know, this is the first study that seeks to establish the cost-effectiveness between anti-glaucoma medications for treating primary open angle glaucoma in Ghana.
The model reported in this study, therefore, provides a relevant framework for further studies on glaucoma treatment costs and health gains.
Limitations of the Study
The study has several limitations, which could have influenced the incremental cost and/or incremental QALY, and for that matter the ICER. The limitations stem mainly from the key assumptions of the model.
As far as medical treatment is concerned, the only adverse event I considered was asthma. All other adverse events were assumed to be negligible since they could be promptly treated. This assumption may have led to underestimation of costs and overestimation of QALYs under both interventions. It is, however, difficult to tell which direction this limitation would have driven the ICER. The direction of the effect would depend on the specific adverse events associated with each intervention, the reduction in QALYs due to each adverse event, and the cost involved in treating the respective events.
Besides, all post-surgery complications were assumed to be negligible. Clearly, this assumption might have led to underestimation of costs in both groups.
However, the possible impact of this limitation on the ICER would depend on how many patients in each intervention group had complications after undergoing surgery.
It was further assumed that POAG patients would not need any anti-glaucoma medication after they have undergone surgery. In practice, however, some E. Takyi POAG patients may have elevated IOP even after surgery, and would therefore need further medical treatment. Ignoring this probability might have led to understatement of costs in both groups.
Furthermore, I assumed no extra follow-up costs for POAG patients who developed asthma after the use of beta blockers. This assumption might have led to underestimation of costs associated with beta blockers and, hence, overestimation of the ICER.
I also assumed that no patient died from asthma that resulted from the use of beta blockers. Neglecting possible asthma-related deaths could have led to overestimation of QALYs gained under beta blockers and, therefore, underestimation of incremental QALYs, and eventually overestimation of the ICER.
Another limitation of the study stems from the assumption that there was no shift in treatment before a patient progressed from early POAG stage. In practice, patients at early POAG stage who show intolerance to beta blockers or prostaglandin analogues may be shifted to another treatment before they progress to the next stage. This assumption might, therefore, have led to underestimation of costs under both interventions.
Utility measures used in the model may not be accurate. The health utilities associated with the POAG stages were retrieved from the National Collaborating
Centre for Acute Care (UK) [16] . According to the authors, however, the methodology adopted to estimate the values had not yet been validated. Besides, the original health utilities were estimated for different ocular conditions causing a defect in visual acuity, and might not be applicable to glaucoma patients since the pattern of visual loss in glaucoma differs from other conditions.
Probability of death could have also been underestimated under both interventions. In the absence of data to show that people die from glaucoma, I assumed that the probability of death among POAG patients was the same as that for the general population of Ghana. This assumption ignores the fact that the blind and people with visual impairment may have a higher probability of death from accidents.
I assumed that all patients who progressed from early POAG stage were given combination therapy. However, experts stated that some patients are shifted from one monotherapy to another before they are eventually given combination therapy, although the percentage of patients who fall into this category could not be estimated.
In addition, the assumption that the severity of the POAG condition is similar in both eyes of a patient may not reflect reality since, in practice, a patient could present with unilateral POAG.
Finally, the WTP threshold adopted in the study may not reflect the actual WTP threshold in Ghana. While the WTP threshold used in the model was based on DALYs averted, the study measured health effect in terms of QALYs gained. QALYs gained and DALYs averted may not be interchangeable since they are partly based on different assumptions and different methodologies.
E. Takyi
Conclusion
Given the existing evidence, prostaglandin analogue is not a cost-effective alternative to beta blockers as a first-line medication for primary open angle glaucoma in Ghana. Generic latanoprost may, however, be cost-effective in treating POAG patients 41 years and younger. The population EVPI shows that further research to reduce decision uncertainty would be cost-effective if expected cost of further research does not exceed USD 131 billion.
